ities.
Although the resulting partial differential equa- so that p = 1.00, and z(.) = Oz/i) (.) . These equations are completed by the ideal gas law, p = pT. We assume that there is no external heat transfer, although these equations will be augmented below to include the effect of a flame holder. These equations are written in conservation form, with p(x, t) and u(x, t) the total density and mass weighted velocity, respectively, of the gas. The temperature is described by T(x, t), p(x, t)
is the press.ire, and y(x, t) represents the mass fraction of the react mt in the combustible gas. properties but may well be controlled by the flowfield (e.g.through turbulent diffusion).
Heat-release
We describe the instantaneous rate of heat release,Q, associated with the combustion process as a one-step, irreversible reaction,where (_isproportional to the mass conversion rate of the unreacted fuel. In addition, we assume that Th is proportional to the mass of unreacted fuel,with a temperature dependent reaction rate:
= where f_is the nondimensional heat release parameter and rh isthe mass conversion rate of the unreacted fuel.
p and y are the density of the gas and the mass fraction of the premixed fuel,respectively,so that the quantity py physicallyrepresents the mass per unit volume of fuel available to the combustion process. A is a parameter associated with the rate of mass conversion and k(T) is the temperature-dependent component of the reaction rate.
With this choice for k(T), the ratio between the maximum rate of reaction at T = Tl and the initial rate of reaction at T = Ti isapproximately:
Flame Holder
In the absence of a flame holder,a stable flame requires a delicatebalance between the upstream diffusionof the flame and the downstream convection of the fluid. As a result,for most allgas parameters, this balance will not occur and the flame willeither propagate upstream to the inlet (flashback),or propagate downstream and out of the combustor, a condition known as blow-out.
The flame holder acts to limit the propagation of the flame upstream. We note that flow effects,such as a spatiallyvarying flow velocitydue to cross-sectional area variations,can also serve to anchor the flame.
We assume that the effectsof the flame holder are twofold: (i)the diffusionconstant 5 becomes spatially dependent, resultingfrom increased turbulent diffusivity downstream ofthe flame holder,and (ii) the flame holder transfers heat to and from the fluid. We incorporate both effectsin this model.
Mixture thermodynamics.
The The flame temperature resultingfrom the combustion process scales with f_,the nondimensional heat release, so that the temperature at the exit is approxi-
As such, for a given reactant, the maximum v_ue of roughly corresponds to stoichiometric conditions, so as f_ approaches f_ma_, the equivalence ratio of the mixture approaches unity. Also, A, the DamkShler number, scales the rate of the chemical reaction. These quantities parallel the equivalence ratio and the heat content of the premixed fuel.
Chemical kinetics.
In this simulation we model the chemical reaction by a single-step,first-order Arrhenius model, so that the temperature dependent reaction rate is:
with 0 the activation energy [4] . In addition, we also incorporate an ignition temperature Ti, below which no combustion occurs. As a result, k(T) takes the form:
Diffusional effects. We assume that the flame holder acts to increase the diffusiondue to induced turbulent mixing. This implies that the scale of the turbulent eddies is larger than the width of the laminar flame zone.
As a result,we model the spatialdistributionof 5(x) as:
In the limits x -+ +co the diffusionalcoefficientapproaches 5o and 61 respectively.
Thermodynamic effects. The heat transfereffectsare assumed to be spatiallydependent as well, of the form:
where g(x) is the local convection transfer coefficient, and T I is the nominal temperature for the flame holder Figure  1 , we show the steady response for A = 2.50. We note that this response is stable.
Flame Mil_ration
By starting the flame away from its equilibrium position, we can also observe the transient behavior 
Open-open Boundary Conditions
We now apply open boundary conditions and assume the flow is isothermal at the inlet, so that at x = 0: In Figure 4 we show the time-varying components of the flow, denoted by (-)', including the unsteady rate of heat release Q'(x, t) .
We define the local Rayleigh ratio was increased. However, for larger inlettemperatures the reonant peak was decreased as the equivalence ratio was in :reased.
Although, as mentioned above, we do not attempt to make dilect comparisons between our fuel parameters (_,A) .rod the equivalence ratio and heat capacity, Unsteady components of the response shown in Figure 3 .
The time interval shown is while the amplitudes of the oscillations are small As seen previously in Figure 3 , large amplitude oscillations eventually develop.
A su_ciently
small or large, the steady-state is stable.
Reflecting back on our discussion between the relationship between /3 and _, and the equivalence ratio, this implies that for near-stoichiometric mixtures, our model leads to an unsteady asymptotic response.
As A --_ 0 we numerically encounter flame blowout, while large A admits the possibility of flashback.
Finally, we note that for 8 = 2.0 the ratio between the final and initial burning rate is approximately 3.2.
If we decrease the activation energy to 8 --1.0, so that ratio between the final and initial burning rate is approximately 1.8 the response is stable for all values of A.
Fuel Flow Modulation
Looking forward to possible attempts to implement control strategies based on fuel modulation, we study the effects of small amplitude oscillations in the fuel species parameter y at the inlet: y(0, t) = 1.0 + 0.01 sin(21rwt).
In Figure 6a , we show the amplitude of the pressure oscillation at z = 0.25 as the modulation frequency w varies from w = 0.25 to w = 1.00. When the fuel species is modulated near the fundamental acoustic frequency at w ,,, 0.6, modulation amplitudes of 1% lead to large amplitude acoustic oscillations. Figure 6b presents the growth of the pressure oscillation for w = 0.6. We note that in these simulations the flame zone is located at ap- 1.50, x = 0.25) .
In a) the amplitude of the response is plotted versus ca the forcing frequency, while in b) the pressure is shown for w = 0.6--the initial conditions in b) coincide with the steady response for no fuel modulation. 
